Objective: We studied longitudinally the associations of craniofacial morphology, mouth breathing, orthodontic treatment, and body fat content with the risk of having and developing sleep disordered breathing (SDB) in childhood. We hypothesized that deviant craniofacial morphology, mouth breathing, and adiposity predict SDB among children.
Introduction
Sleep disordered breathing (SDB), a spectrum of symptoms ranging from habitual snoring to obstructive sleep apnea (OSA) (1) is a chronic and progressive condition that is becoming more common worldwide (2) . The prevalence of habitual snoring is 28-44% in adults (3) and 7-25% in children and adolescents (4) (5) (6) , whereas that of OSA is 2-4% in adults (3) and 1-3% in children and adolescents (4, 5, 7, 8) . Although SDB is nowadays recognized more European Journal of Orthodontics, 2018, 268-272 doi:10.1093/ejo/cjx056 Advance Access publication 11 July 2017 sensitively than earlier, it remains a highly under-diagnosed condition. We have reported earlier that 10% of children 6-8 years of age from a general population have SDB (9) .
It is important to identify children at increased risk of SDB to prevent its health consequences, such as cardiovascular disease, metabolic disturbances, delayed somatic growth, depression, and decreased quality of life (10) . Adiposity is known to be a major risk factor for SDB in adults (11) , but it has also been associated with SDB in some studies among children (4, 12, 13) . Our previous study revealed that tonsillar hypertrophy, facial convexity, and crossbite but not adiposity were associated with increased risk of SDB in a general population of children 6-8 years of age (9) . Other studies have also shown that abnormal craniofacial structures, such as adenotonsillar hypertrophy (10, 14) , mandibular retrusion, a steep mandibular plane, a vertical direction of facial growth, and distal occlusion, are related to the increased risk of SDB among children (15) . On the other hand, orthodontic treatment modalities, such as maxillary expansion (16, 17) and functional treatments advancing mandible (18, 19) , may play a role in the prevention of SDB among children.
There are few prospective population-based studies on the predictors of SDB among children. We therefore investigated the associations of craniofacial structures, mouth breathing, malocclusions in orthodontic treatment, and body fat content at the age of 6-8 years with the risk of SDB on average 2.2 years later in a population sample of children. We hypothesized that children with SDB symptoms could be identified in early childhood and further, that the craniofacial growth may modify the risk factors for SDB.
Materials and methods

Study design and study population
The present analyses are based on the data of the Physical Activity and Nutrition in Children (PANIC) Study, which is an ongoing physical activity and dietary intervention study in a population sample of children from the city of Kuopio, Finland. Altogether 736 children 6-8 years of age who started the first grade in primary schools of Kuopio in 2007-2009 were invited to participate in the study (20) . Of the 736 invited children, 512 (70%) participated in the baseline examinations. Of these 512 children, 440 (86%) also attended in the 2-year follow-up examinations. Complete data for the present analyses were obtained from 329 children. The study group consisted of 161 (48.9%) girls and 168 (51.1%) boys, at the baseline mean (standard deviation, SD) age of the children being 7.6 (0.4) years and after 2.2 year follow-up 10.1 (0.5) years. The study protocol was approved by the Research Ethics Committee of the Hospital District of Northern Savo. All participating children and their parents gave their informed written consent.
Assessment of craniofacial structures and dental occlusion
Craniofacial structures and dental occlusion were clinically evaluated by a standard orthodontic screening method by an experienced orthodontist (TI). The occlusion was assessed according to the modified method of Björk et al. (21) in the intercuspal position. The recorded variables included molar occlusion (distal, normal, or mesial), overjet (mm), overbite (mm), crowding, and spacing per dental arch (≥2 mm), anterior and lateral open bite (≥2 mm) as well as crossbite and scissors bite. The shape of the palate was visually defined as wide, normal, or narrow. The existence of adipose tissue under the chin was examined by viewing the lateral profile of the child to asses if there was a visible amount of submandibular fat. The facial profile was also assessed visually (convex, normal, concave, vertical anterior facial dimension). To assess the airway space between the tonsils the children were asked to breathe through their nose, which relaxes the pharynx and palatal area. The tonsils were considered hypertrophied, if there was a space of 1 cm or less between the tonsils in visual inspection. The definition corresponds to Classes 3-4 described by Brodsky (22) . Soft palatal morphology was classified using a clinical examination on maximal mouth opening and tongue protrusion in the seated position, as described by Mallampati et al. (23) . With Mallampati Classes I and II, the morphology was classified as vertically normal/large throat and with Classes III and IV as vertically restricted throat. Dominance of mouth breathing was assessed visually during the clinical examination. Previous or ongoing orthodontic treatment was checked from dental recordings and classified according to the most prevalent treatment modalities in Finnish children among the studied age groups: Quad helix, head gear, or other (mostly eruption guidance appliance). Noteworthy, if an examination showed treatment need, a child was referred to an appropriate professional (i.e., dentist, orthodontist, physician).
Assessment of body composition
Body fat percentage was measured the children having voided, being in light clothing and in supine position, and after removing all metal objects using the Lunar Prodigy Advance ® dual-energy X-ray absorptiometry device (GE Medical Systems, Madison, Wisconsin, USA).
Assessment of sleep, SDB, and associated factors
The questions in our sleep questionnaire were based on an established questionnaire that has been used to screen for sleep disturbances and SDB (24) and modified in the present study for the parents to fill out on behalf of their children. The parents were asked to answer to questions regarding the quantity and quality of sleep, symptoms of SDB, upper airway infections, adenotonsillectomy, and other operative treatments. SDB symptom was defined as witnessed breathing pauses (apneas) (sometimes, usually, or always/almost always) and/or frequent (most of the sleeping time or frequently) and/or loud (quite loudly, loudly, or extremely loudly) snoring and/or nocturnal mouth breathing (usually or always/almost always) observed by the parents. In other words, if the child had one or more of above-mentioned symptoms, he/she was defined as having SDB.
Statistical methods
The Chi-square statistics or the Fisher's Exact Test was used to compare the prevalence of abnormal craniofacial structures and dental malocclusions between children with SDB and those without it. The Student's t-test was used to compare body fat percentage between girls and boys and between children with SDB and those without it. Multiple logistic regression analysis using a stepwise entering selection procedure was used to study the associations of craniofacial abnormalities (no versus yes), dental malocclusions (no versus yes), mouth breathing (no versus yes), malocclusion in orthodontic treatment (no versus yes), and body fat percentage (per 1 standard deviation increase) at the age of 6-8 years with the risk of having or developing SDB on average 2.2 years later after adjustment for sex. Associations with P values of <0.05 were considered statistically significant. All statistical analyses were performed using the IBM SPSS Statistics®, Version 21 (IBM Corp., Armonk, New York, USA).
Results
Characteristics of children
The mean (standard deviation, SD) body fat percentage at the age of 6-8 years was 22.3 (7.9) among girls and 17.6 (8.0) among boys (P < 0.001 for difference) and at the age of 9-11 25.2 (8.6) and 21.7 (9.5), respectively (P = 0.001). Of all 329 children, 33 (10.8%) had SDB at baseline and 38 (11.6%) had SDB at 2-year follow-up. SDB disappeared in 16 (4.8%) children during 2-year follow-up. It appeared in 21 (7.1%) out of 296 children without SDB at baseline during 2-year follow-up.
At baseline, children with SDB were more likely to have convex facial profile, increased lower facial height, mandibular retrusion, tonsillar hypertrophy, and mouth breathing than those without SDB (Table 1) . At 2-year follow-up, children with SDB were more likely to have convex facial profile, mandibular retrusion, and mouth breathing than those without it (Table 1) .
Risk factors for SDB
Male gender, distal molar occlusion, mouth breathing, and increased body fat percentage at baseline were associated with increased risk of having SDB at 2.2-year follow-up (Table 2 ). Mouth breathing was the strongest baseline predictor of SDB at 2.2-year follow-up. Children with mouth breathing at baseline had a 4.4-times higher risk of SDB at 2.2-year follow-up than those without it.
Mandibular retrusion, a vertically large or normal throat, adipose tissue under the chin and malocclusion in orthodontic treatment at baseline were associated with increased risk of developing SDB during 2.2-year follow-up (Table 3) . Malocclusion in orthodontic treatment was the strongest baseline predictor of developing SBD during 2.2-year follow-up. Children who had a malocclusion in orthodontic treatment at baseline had a 5.0 times higher risk of SBD than those without it.
Discussion
The present longitudinal study showed that already at the age of 6-8 years there are certain morphological and functional features that can predict developing SDB at the age of 9-11 years. Especially higher body adiposity and mouth breathing, as well as distal molar occlusion seemed to predispose to the development of SDB already in childhood. Furthermore, as in adults (25) , male gender also increased the risk of SDB. Adipose tissue under the chin, mandibular retrusion, vertically normal/large throat, and malocclusion in orthodontic treatment were associated with developing SDB during the 2.2 year follow-up.
Adenotonsillar hypertrophy is the most common risk factor for pediatric SDB (10, 14) . The volume of the adenoid and tonsils increases from birth to the age of 12 years, the peak of their size proportional to the skeletal structures being at the age of 5-6 years (10). Even though nasal resistance decreases from 9 to 13 years of age, there is a transient prepubertal increase in the resistance, a phenomenon suggested to result from hormonal changes (26) . According to Papaioannou et al. (27) , during the first 8 years of life the pharyngeal lymphoid tissue is likely to be exposed to external microbial stimuli that promote cellular proliferation. In line, pediatric SDB is most common in pre-school and early school years (28) . We found that tonsillar hypertrophy was common among children with SDB and that mouth breathing, usually co-existing with tonsillar hypertrophy, at the age of 6-8 years was associated with increased risk of SDB 2.2 years later. Interestingly, children with vertically large or normal throat had increased risk for SDB. The same children also tended to have hypertrophied tonsils more often than those with vertically restricted throat. This may indicate that those children had developed a lowered position of the tongue to improve their breathing, which is in line with the results of the classical study of Linder-Aronson (29) . Further, Suri et al. showed that abnormal palatal morphology significantly predicted a poor outcome of the treatment of SDB with adenotonsillectomy and suggested that a delay in Table 1 . Characteristics of children with SDB and those without it at baseline and at 2.2-year follow-up.
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Children with SDB (n = 33)
Children without SDB (n = 296) P value
Children with SDB (n = 38) treating the hypertrophied adenoid and tonsils may promote abnormal craniofacial growth, leading to residual SDB (30) . Malocclusion in orthodontic treatment at baseline was associated with increased risk of developing SDB during 2.2-year follow-up in our study. As found in previous studies deviant craniofacial morphology, such as retrognathic mandible, reduced width of maxillary dental arch, and anterior open bite are associated with SDB among children (31) (32) (33) . In our study, children with SDB were more likely to have facial convexity, mandibular retrusion and increased facial height than those without it. Furthermore, distal molar occlusion at the age of 6-8 years predicted SDB 2.2 years later. These malocclusions are usually diagnosed and early orthodontic treatment is initiated at that age in Finland. The impact of different treatment modalities would require further examination since, basically, early orthodontic treatment is thought to prevent SDB in adulthood by modifying the deviant craniofacial morphology (17, 18) .
Adiposity has been observed to be an important risk factor for developing SDB in children (13, 25) . A recent study showed that especially increased amount of visceral fat was associated with more serious manifestations of SDB in a population sample of children (34) . Parallel to the results of these studies, we found that a higher body fat percentage at the age of 6-8 years was associated with a higher risk of having SBD 2.2 years later and further, adipose tissue under the chin was associated with increased risk of developing SDB during 2.2-year follow-up. The mechanism by which adiposity predisposes to SDB may be the mass loading of upper airway and respiratory muscles (5) causing alterations to the structure and function of these muscles, the reduction of chest wall compliance, changes in respiratory drive and the impairment of functional residual capacity, all of which increase the risk of upper airway obstruction (25) . It is alarming that overweight and obesity are becoming more common in children and adolescents in many developed countries (35) . In Finland, 10% of children and 26% of adolescents have been found to be overweight (36) . In fact, obese children have been observed to have an increased risk of persistent SDB even after adenotonsillectomy, which is the first line treatment for pediatric SDB (25) . In children, the associations of overweight and obesity with SDB may not be straightforward, and the relationship may be modified by other factors, such as age, ethnicity, and craniofacial morphology (25) .
Generally, sleep disorders are suggested to be more prevalent in boys (37) and like in adults, boys to have more SDB compared with girls (38) . There are also studies to show no gender difference in the prevalence of SDB (39, 40) .
Further, some questionnaire-based studies show boys to have more SDB compared with girls (38, 41) . The present study showed male gender to increase the risk of SDB.
A strength of our study is that we used a population-based sample of children to study the longitudinal associations of body fat percentage, dental malocclusions, other craniofacial abnormalities, mouth breathing, and orthodontic treatment with SDB. We assessed body fat percentage using DXA that is a reliable and valid measure of body fat content (20) .
Limitations
Because of the epidemiological nature of the study we could not conduct demanding polysomnographic examinations to define sleep disturbances. Instead, we used a questionnaire filled out by the parents to assess SDB symptoms. Some parents may have been unaware of their children's sleeping pattern that may have caused inaccuracy in reporting. However, our sleep questionnaire was based on an established Finnish questionnaire (24) that is a widely used method to assess SDB (42) . After follow-up we had complete data of 64% of the children studied at baseline. The burden of numerous medical, nutritional, physical, psychological, and dental examinations may have caused the quite large proportion of drop-outs. We did not examine the size of the adenoids, because in this age group the only ethical and reliable method would have been magnetic resonance imaging that was not feasible because of the epidemiological nature of the study. However, as the hypertrophy of the adenoid and tonsils typically coexist and indicate the amount of lymphoid tissue in the pharynx, it may not be relevant to consider them as different conditions. Further, we did not have the opportunity for a rhinomanometric examination to examine nasal resistance and the size of the nasopharyngeal area. Finally, the observational design of our study makes it difficult to draw conclusions about causal relationships between the exposure and outcome variables and given the large confidence intervals, the study results need to be interpreted with caution.
Conclusions
Deviant craniofacial morphology, mouth breathing, adiposity, and male gender may predict SDB in childhood. These findings are useful in identifying growing children at increased risk of developing SDB. Children with these features could be candidates for early intervention to prevent the progression of SDB later in life. Data are from stepwise logistic regression models, the effect of gender was considered in each step. Only statistically significant determinants are given.
a Defined as Classes III or IV as described by Mallampati et al. (22) . Data are from stepwise logistic regression models, the effect of gender was considered in each step. Only statistically significant determinants are given.
